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ABSTRACT: In order to study the service performance of A100 steel in the ship surface environment, the work aims to select
the “salt spray-SO, modified salt spray test method” to simulate the sea surface environment to explore the damage of A100
steel under the alternating action of SO, salt spray and impact load. A split Hopkinson pressure bar (SHPB) device was used to
carry out repeated impact tests on A100 steel specimens corroded for different time, and the stress-strain curves of A100 steel

were obtained. The yield strength and ultimate strength of A100 steel under different corrosion degrees were compared, and the
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changes of micro-morphology were observed by body microscope and scanning electron microscope. The microstructure of

A100 steel after alternating corrosion and impact was observed by EBSD, and the change of grain boundary was analyzed. The

initial corrosion rate of A100 steel under impact load was slow. After a certain period of corrosion test, the yield strength de-

creased obviously, and the ultimate strength decreased slightly, in which the yield strength decreased by 390.2 MPa and the ul-

timate strength decreased by 265.9 MPa, affecting the service life of A100 steel in the equipment. Salt spray-SO, corrosion test

results in a significant decrease in the strength of A100 steel, and corrosion plays a leading role in the effect of grain boundary.

Small pits without grain boundaries may lead to discontinuity and local weakening of grain boundaries. Under the repeated im-

pact of high strain rate, the local strengthening of grain boundary region is caused in a certain range, and the corrosion resistance

of A100 steel is improved at the initial stage of the test, but with the increase of impact times, the material reaches the plastic

deformation limit and the corrosion reaction speed increases again.

KEY WORDS: impact load; SO, salt spray; ship surface environment; A100 steel; Hopkinson pressure bar; yield strength; ul-

timate strength

PR AL A 1 2 i AR v, VR AR R Z BRI
il TR EE N AR A A, AR
AL F il SRR ER RS, 00 1A 3% 1A S AF
e AL LR 5 | S8 HE M R 4, &
H NO,., SO, FS MR, Hdr SO, XF CHLAE #4146 irh 4
Pife E e R 3l PSR 2 5 P v e R
HIC R S5 TR MR SS , (113 CHLES I &) e A T Tl i
I, X CHLEY IR 75 A s R i B4

HA, [ PN 4D 2R3 ) i o B A0 ) 2 1 RE TR S ol 5
AT VE A T RS IF R TR 20758 . B I 40
o 8 i A AU AR AL 2 AR IR R, BT L
JURTE FRBE T T o 5 90% 57 B s B AR, 193 T %57
TR AR AL, O MRS B L R A 5 T O
ST, R T WAL 55 A i 3 o AR FH AL . AR
RIS T W S A TEXF 40 16 MnR 89 CO, i il Hy
FE2EAT R s, A H Al 3 R 43 B0 & T 16MnR
AEATR S AR TR S T Y CO, & i i fb 2B
Uit . LR LB SRS ks 7 o SRR, B
FERNARRA, AR R, e L B %
TR N 1187 8y N ) e e B 11 U 2 A I
Ji Tl 97 IS A AT TR RO s 2 EO6 2Cr13
)88 g 5 MERE AR o B AR S B RS TR B
AT T B BRERER (A 5 il o 25 53R, i
AT B 5 R I ol TR R RTT R AT, TR B BUE
PRI, TR AN Pl s (BN AE ST,
o 2 114 20 At 1) L o i ) 0T 285 B %) 388 v 9/ N o
KRR SEPIRFSE T 38CrMoAl 1B A M BHE vy 2R
5500 1 P BT AR o e RV T A 468 40 AL B R ok
fie, % BALFERT S A9 38CrMoAl Mk kL EAT T nhili
Jon o S bt B AR BR R AU OTX R ek A
il g 2[R VR F R 30CrMnSiNi2A Bk R 3h 25
2N W AT T RE R BT, L TR 4
FRAF R0 B A RY | K AR R 1 J68 1ok B 550k 43 A 7

MORER T B IR T, THEHT T e e . =R
ot B T o A X 0 AR A R R, AR kiR
i sl S . Sun ZEUUESE T m SR A100 £R
TE 2 W AR R b gk for T AR AR R 57 1T R, ST S
AR F12F, BT — i e (0 I SR 5 4475 T
DA DL A Fe i A e 11 AR S S b i R i A S50
S5 2 18] R 6 2R o 2R B T S U2 R P 2 Aoy s i 45 07 g
S RE [R5 i) 2 Fh T RRBIF ST TR T R R Y A100 FNAE
AN TR 480" Ji R DX 5k 37 3 07 A7 B RS ol 37 355 52 il
(R 55 LY TRBAT N o BERRI, W97 8P Rl R
550 A HeA DG, 6 TR 0 2 DR 5 S 40 i R I AR
T 2 A AN A 520 Bautista Z25IF5% T Si0,. TiO,
1 ZrO, VR JZ2 L HUMUE - Th R A5, R 7
F R (AFM) XFEESUESEAT T 3RAF, WEEH]H
A B R TR JE X IR - B B LAY
W] J37 o

B N A0 27 5 0 o 5 s A S VR TR AT T
25T, EEM T, LR RS
P o7 PR REN PO S EE S AR A P s AR Oy T, LA
LGN 9 30ty I SO = R [1D O R o v = LT 0L S VPO 2
7 H I 55 ) Gk 5 7™ i A T R PR G  VE L
FR A LSS R bE R 55 o £, 2B R ShHLHE A9 R
s, B SO, #h 55 B A Pk R 55 e % T 47 S
L A100 IR FAIERY ) EEE WK “S0,+h%” W
R R I VA PR R A58 N RE I PEA , T
H 238 HFEmIF & N, B H R 55 [ B 3R
B TR S = 0 ) P9 ASTM.GSS (st E:
FRI Tk ) “S0, thE” MM AR BB I A T L%
(Y PR Iy B AR E MIL-STD-810 19 F JFl G hR .
© AT TR B, AR A 1 ek e R K S
ASTM.G85 “SO,#h%E "™ MK A L5 FARFF 20, Bl g
SRIE A100 BIEAEIMEL: . PR S o vERE LS . TG
TR RE AR, TR S e & L R R VR 2R 45 4



B2k ol

HEE, . SO, R 5 il B S AT T AerMet100 S5 7 AT 58 -3

RARRITZ R . A, T AT00 AN SZ B ik
IR Je xR BB b it P BE S Wt AT B T B s e g A R
RORMUBARL AR , LA IR LAY R 1A 22 2 f KA PERE,
b I B A1 WE D B oSS S L L e =S T
WHFE A100 H97E SO, $h55 5 ifily A S T T 1)
b 37 D % T AR B A R R

1 e

1.1 X HHIE
AR SRS S 7 2 Sl /AN e S

A100 ¥ (23Co14Nil2Cr3MoE ), ¥ A100 #XH kN
THWAE 1a itk (6 mmx6 mm B 1E BIF:A ),
WA PR BT A E 1b B, VKGR E M (885+
14) °C, {HIRA ]y 60 min, KA HI T R0
Vb B UL S R (—7348) 'C, Y ALFREFE] A 60 min,

T A SR . R AR GRS (482+3) C, [Flk
PRIREFEIR 6.0 h, [FLKRHIAN <o HAb2E sy
A PERE LR | Fnsk 2, H BT NER . 4. B,

THLRNE . . BECR, METEsE AT
T AR AN, PO FRR B Eik 1 970 MPa, 7E &
MU &L A2 2 i

WA
A ¥rok: (885+14) C
HE]: 1h
6 mm [ K (48243) C
Hf1E: 6 h
6 mm ?E%‘V?\fﬂ\
EREE
AL (—7348) °C
RfIAl: 1 h
> A
a R R b MU T 2
B RS 5 P N T 07 %
Fig.1 Schematic diagram of specimen size and heat treatment processing method:
a) Aermet100 specimen size; b) heat treatment processing
®1 A00MULFERS (RESH, %) oF
Tab.1 Chemical composition of A100 steel (mass fraction, %) 60 -
C Co Ni Cr Mo Mn Si Fe 50 -
0.229 1346 11.23 3.01 1.22 0.02 0.03 Bal o 40r
§ 30  gray = SPRAY
& 2 A100 A 1E4E g a0l &
Tab.2 Mechanical properties of A100 steel g 10 SO,
0o/ MPa  oy/MPa /% %%  Kic/(MPa-m"?) a .
1755 1970 13 65 120
~10}
20 Il L Il Il i
0 1 2 3 4 5 6

1.2 SO, #H:FEIXL

fifi 19 1% % % KOHLER 72\ # AY HKT 3000
Clima SO, #hZ&IXH . RIFER S 2 X WIRE N
(35+1) 'C . WHAAME ML (EE ) NMEE N
(47£1) C, SO, S A& H 35 em’/(min-m’), MWi%
B NaCl ¥ I 5 i 43 50N 5% 1805 7 ik 2 frw,
FREEmE %5 5 h 52 A SO, 4R 1 h, B K 4 G FR(
6 hPEX 1) , AEJEIARTE S 48 ho &4
3 AFATIRE, IESR 2. 4. 6. 8. 10, 12d
A IR A AT U . i+l R g A 3 A
TP, 7 B UK Tl ) 30 245 o 0 BB 5 iR A7 i ik
oy, el 6 B 12 dvrbi 6 R, SREMAY
vt A A AT R E

Time/h

K2 SO, #hZ il %
Fig.2 SO, salt spray test scheme

1.3 BRERMEFIRE

ZIRYETE ATL1500 2234 4 AR RAF R 4t btk
1, NG5BS EE N 1 600 mm, B2 25 mm,
2SI TSI R 0~1.0 MPa, 34 5 000 m/s,
phili RAE R A 10° s, SREESIRN 0.1 MHz, #hifi 56
HIE 3 AFATIRE, EitdkfT 6 bl

A3 SR 4 AR R 2% B HL S AL G 4 Al
B ABHFE . BEAT . PR AR R AR S,
K3 s o o —4E R 9% BRSNS 44 ) AR T 3k



2025 42 A

4. *oE N
FHAPER Ty AR | AR ARG R (AR O AR
o-(t):iE(gi+gr+gt):iE£t
24 4,
c ot 2c ¢t
g, =EJ.0(gi —& —&)dt = —Ej.ogrdt (1)
. c 2c
) =—(g-¢6-¢)=—"¢
lo lo

K e e e BN ASSB . UM BCRIE ST
55 Ar E M e 200 g FEAT s i AR | st i
IOE WAL W 5 ¢ RIS IR 5 Ao R 1o 350 i fF
o3 ity i 1 1A BRI

2 HEREHMH

2.1 WURER

AR BRI AT WL, R A
P 4 JIr7 o 4 T e R PR = 2 vy 8 P 52 (R ARER
o BEAR T kv D, T HOA JE fede . Bt o f] 3
A3, 285 2 d 19 SO, #hZ5 MK, 5 Jm i i B

T, R e AR B AR S TR A o, [R) B R T
BN AR I =, K R E TR, 56 4 d i,
LIREEIE MY K, RN BB, BB 5T
o Wik A AR B AR, B ( =4EE DL by
W) RS 2 d 2, RE IR, hE
4b2 WA, BFJE IR 100 pm, 8 d 5, )2
2T RR O B ALY JeTm =) it — 25 HE RO U4
2, BRERIAT] 254 pm. B THARE i w2k
M EHERES, K 4cl, dl PLEEXED, 124
Ja . R O E = R, PR AN
294 pm, FEHEA T AN 2 )2, BN LI 1
BE, N JE N LR W RS e, Hod, ®
AT B 2148 (85 Tl Z HED N Fe,Os, RO 8 il 7= 4
Fe;0,%71, J8 = W £E A% i 2 1T T BT 945 BAF 1940 otk
JEARGERE 22 1008 1l )2 B0 P 2 A B AR e, A
AN JE I R SR, BR T 2 ph X851, B
el RN B | Y R i R Ry N H S EA R SR EA
kMl BB, mE a2, b2,
c2. d2 nJLUULERE], FE JE RS EE R, A100 X
FETE G PR PR 2 A, T v 22 AR K.

i

K3 e AR AT AR AR

Fig.3 Components of Hopkinson pressure bar

XoF b AN ] J) 30 )5 R A ol 28 e AR R AT 0
g, HERmIESE 5 i nl LA B, A TR ik A
WITE, AT vty e J 1 0 2 TS b A5 R N
F AT s i, g T D ik 2 d
s 1R, IREILER BV ST (0 4 R AR AR, K
P =Py HER R Tz B ehhsg i, 1 Sa2 R AR &
B2 00 /N T il i RAFETS T o
4d whis 2 WA, JERTBCE RN, RESEE
JEZ920 50 um, FEIFARTEEERRE, WK
B> A100 ANFEIK, JEIhEE 8 d IFUE T 4 Wk npifi e
i, FIEGIZEEZ R 110 um, 1245 T80 4 d B
BIZER, RBZABHWS)ZET . XEHT A100
Wz B by PG A AR T, R A TR
%, T T I PUE e ERE . B 12 dr6 RubE ),
W RME e S2ERE, BEAN 193 um,
Tty e Pl 21 A e ) B A (AR A

2.2 MERIEER
A3 XS A TE R AT00 H9 1A I ol AN [) ] A9

() 3 20 A100 BRI (A5 A7 i g AR 35T 1) o X
FRAFAE BB RN F7-R A Mk, W 6 frs . whili T
1 FH 55 8 38 Aar V8 FH 08 7 ) 1 728 il 26 A7 76 BH I 25 5%
e AR R ATE T, MR TR )R
WX, ST PR AR AT AR, X FOR Y
SRR T AR A TR, RECT E IR . B RR
5o B A R v 8 sl g X HE T AR B, AR R R A
765 i RIS TS B9 A 100 4K AT Rk Bifi 25 o o v 85 Ay 14
T, B 5 A e 5 B 2 o U B E E Z2
WU /N o JeEt A5 PR b R iR R 3 ZHL K 56 S X 1
W3 55E 4, FEEM 4 d2 kb s, A100 80AY
e R B B B T R . AR TR S ph i op i,
5 b 22 B A AR 0 JE IR SR F ¥ T B
390.2 MPa, % FR5&E BT % 265.9 MPa., UiHHJE
T S0 T8 Y ik e R T R R S A, P X
RN TREZ ARG I B, 1 A R R R
H 3 Wik g b, A100 49 f % BR324 fik ik 2 b
FEMHZR (1970 MPa) , 7E58 4 Wb e,
W25 ) phop 5 050 41 38 3 A100 4K 0 S8 14 A



B2k ol

HEE, % SO #F S M s B EH T AerMet100 SR 00F 5% -5

djEmi12d

K4 JEPROSTRI )Y AT00 YT A . 2V i w2 12 A =2 iy P
Fig.4 Surface topography, 2D plane height map and 3D height map of A100 steel under different corrosion cycles: a) corrosion
for 2 d; b) corrosion for 4 d; ¢) corrosion for 8 d; d) corrosion for 12 d

TEMBR, WA R KR TR, BEEE A100 89N F 4544 &
AR . wph IR AL N AR R 0.075, JE ks
AR AR AL N AR T30 0.091, JE R 4 JE &
AT AR TR T T S 1 J8 At e, R 8 T A 3 A R B AR
BN, ABTEE RS R 8GR, AR R R S
AR B 1 T B, B R AR SR AR TR, AR R
R,

T SEM 43551 X6F oA Ji ok 1 it a2 A5 1 b+ o
HACEAE R AR T S, Qs 7 FR o AR JE il

TE 20t Z W R AR R ks, R AR 4N
o0, (HAREAREE R RS 3%, SIS w2 B G
WOEE vhils 3 WU, AL 2] 36 A7 e i/ N 8L, o
it 6 WIn, )22 8UEMW T L, R F AR 1t A e
Ry RIS, HEKTEH R T op iRl . 25
HAF 6 5% 3, 4 05, EMHEWHERET, SO,k
55 6 b i B 2480 S T TS A100 AR R R A
BT R W% o 45 A S b o 3, i ob el g b
A I A A P W a, Bl s b R A g, 1



T & 2025 4F 2 H

a JEih2 dpi 1k

500 pm
| —

d JEh12 b 63k

Fs B A b 2 SR A100 AR TS . 21 I ey 8 A = 4 v 1]
Fig.5 Surface topography, 2D plane height map and 3D height map of A100 steel under alternating corrosion and impact loads:
a) corrosion for 2 d under once impact; b) corrosion for 4 d under twice impact; c) corrosion for 8 d under four times of impact;
d) corrosion for 12 d under six times of impact

Rt vl iR B R T, HEOEEYT R, Rk SN
I,
2.3 MMEHSH

JE iR h I A100 H07E 52 B AR A1 A H i & 43
i R R FE, A8 H R SO AT S
(EBSD) Z3#r T A100 4M7EJE M 12 d. whili 6 RLA
Kk 12 d+upif 6 UALRIVE T B9 dbkr . A S
VAR AR A, A B TR T i A100 49758 3R

(AT 45 KE) AR A RN M RE B AL o A100 SNAEJE ok |
M AN TR 2 S T 1) SR 43 AR A 8 T
G AR AR [ B €04 Q2 33 4 X, o ) B i) AR ], DOt S
5% B AR R EG AR 114 465 48 TP 265 DA BOAS [] X35 1 B
] SRR 0 o ZERTUE B9 A100 A9 3RRE % B8 £ v ( 1&] 8a.
b, c), ATLAFEH, ASEEE 0w Y D A T
4], ULEHAIERIRFELL L b B 50, MR, 78
i AT VERTT , WK 8a~a3 WIHI, i (A X I i
EWZ, SRR R 1R AEEERT,



B2k ol

¢ SO 855 5 vl A S A TR AerMet100 S5 73 T2

2500

2500

—— Lkl —— 4l

[k —— AU

2000

[+
EISOO
-R
11 000

—— DR —— 4

500 —— 2%l —— S 500  —— owrd —— St 500 | —— 2wl —— svonit
—— 3 —— 6Xkrhily —— 3 —— 6 —— 3 —— 6k
L 1 1 1 1 1 1 L 1 1 1 1 1 1 L 1 1 1 1 1 1
0 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0 0.02 0.04 0.06 0.08 0.10 0.1 0  0.02 0.04 0.06 0.08 0.10 0.12 0.14
RiAE RiAE 2
a My
2500 2500 2500
b bl
2000 2 000 2 000
[} \ [+ [+
E 1500 / E 1500 EISOO
’1000 ) = 1000 ~1000
500 L 5000,/ . S e s00 [/ . s v
—— Jh2 d+ 13k JEI8 d+avpid; JER2 d+ 1 JE2 d+ 1
A —— JE10 d —e JERhA d+2hiE —— BEIR10 d+SHhER — d —— JE10 d+5pt
fgﬁg Sﬁﬁ fgﬁlg diggg +gms d:37413‘7 —— g2 d+evpit; +}§§2 dﬁa’i%t‘ —— 12 d+eppit
0 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0 002 0.04 0.06 0.08 0.10 0.12 0  0.02 0.04 0.06 0.08 0.10 0.12 0.14
b JE b
E 6 A100 457 F1-1 78 ih 2

Fig.6 Stress strain diagram of A100 steel: a) impact; b) corrosion + impact
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Fig.7 SEM scan of A100 steel surface: a) impact test group; b) corrosion + impact test group
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Fig.9 Grain boundary orientation distribution diagram of A100 steel under corrosion/impact conditions:
a) impact; b) corrosion; c) corrosion + impact
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